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Higher efficiency, lower energy consumption and less pollution are become more and
more important in chemical engineering. Post-process is one of the key parts for pro-
ducing chemical productions. Thus, we develop a novel device, Chemical Post-Processing
Integrated Equipment (CPPIE), which can deal with crystallization, filtration, washing and
drying in the same tank by changing the position of it. Without the transfer during these
processes, CPPIE have meaningful advantages compared to conventional devices. In this
paper, the structure and the working procedure of CPPIE are introduced, and Diaphragm
press drying device (DPDD) in CPPIE is further described. Then, the experimental setup is
arranged. Its drying and energy consumption performances are experimentally in-
vestigated. The performance of DPDD is analyzed experimentally with theory to validate it
can meet the requirements of industrial applications. Furthermore, the energy con-
sumption for the whole processes is calculated with experimental data. Compared to
CPPIE without DPDD, CPPIE with DPDD has energy conservation about 25%. This work
presents the feasibility of CPPIE, the advantage of DPDD for drying process with lower
energy consumption, which can be referenced for designing similar integrated equipment.
& 2016 The Authors. Published by Elsevier Ltd. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
In chemical industries, higher efficiency, lower energy consumption and less pollution are become more and more
important. Crystallization, filtration, washing and drying are the typical post processes in chemical industry, and these
processes are one of the most important parts for the production of chemical products. In conventional chemical industries,
crystallization tank, filter and washing device and drying tank are used respectively to realize these processes. In other
words, the intermediate products shall always be transferred from one tank to another, which means low efficiency, energy
waste and pollutions to both products and environment. Based on these facts, a novel device, Chemical Post-Processing
Integrated Equipment (CPPIE) is developed, which can deal with crystallization, filtration, washing and drying process in
one tank by changing its position. Compared to the conventional devices, CPPIE has significant advantages without theer Ltd. This is an open access article under the CC BY-NC-ND license
.
Nomenclature
θ imaginary filter time, s.
θm imaginary filter time for getting same mass
filter cake, s.
ω0 total volume of solid in filter cake per filtration
area, m3/m2.
i number of rows for removing water.
η1 pump efficiency value (set as 0.65).
η2 efficiency value (set as 0.7).
Cp1 heat capacity of potassium chloride, J/kg K.
Cp2 heat capacity of water, J/kg K.
K Ruth coefficient, m2/s.
Kw modified Ruth coefficient, m2/s.
M mass flow of the liquid, kg/h.
mKCl mass of potassium chloride, kg.
mwater mass of water in the solution, kg.
meva mass of evaporated water, kg.
ΔQ latent heat of water vaporization, J/kg.
Q1 heating energy, J.
Q2 energy for water evaporating, J.
S filtration area, m2.
Δt temperature difference, °C.
t time of the cooling water, s.
v velocity of liquid in DJHE, m/s.
V total filtrate volume, m3.
Vm imaginary total filtrate volume for getting the
same mass filter cake, m3.
Wpump energy consumption of pump, J.
We energy obtained by per unit mass of liquid
from pump, J/kg.
ΔZ height difference between DJHE and the pool
surface, m.
Y.-F. Zhu et al. / Case Studies in Thermal Engineering 7 (2016) 92–102 93intermediate products transfer during these processes. Besides, CPPIE can be much easier to implement automation, reduce
equipment and venue investment. Therefore, it is very suitable for these production lines with these above post processes,
especially in the fine chemicals and raw material drugs productions fields.
In recent years, integrated design technology in chemical engineering becomes more and more popular. Dimian et al.
presented a system work for integrated design of chemical processes aiming at develop a creative and integrated approach
for process design problems by adopting a systems view [1]. For the post processing, Skjøth-Rasmussen et al. analyzed the
post-processing of chemical kinetic mechanisms by CFD simulations method [2]. At the same time, Deulgaonkar et al.
carried out an investigation on the filtration and drying processes of casein [3], while Wong et al. analyzed the crystal-
lization, filtration, and drying processes in the production of active pharmaceutical ingredients [4]. Lee et al. also took
acetaminophen as an example to research the reaction and crystallization impacts on filtration, drying, and dissolution
behaviors [5]. These research works all mainly concentrated on chemical engineering process and got some useful results.
Meanwhile, for some other researchers, they mainly dealt with one of these parts focusing on the heat transfer char-
acteristics or the drying technologies and they have done numerous significant works. Atuonwu et al. proposed a mixed
integer nonlinear programming formulation for the design of energy-efficient multistage adsorption dryers within con-
straints on product temperature and moisture content, which can be applied to optimize multistage hybrid drying systems
[6], while Wang et al. analyzed the energy efficient hybrid system for surface drying by experimental method [7], and
Stehlik used heat exchangers to integrate items in waste and biomass process [8]. Meanwhile, Liu et al. took an experimental
research of a coaxial mixer, which can be used in the post-process, in high viscosity fluid [9].
Drying as one of the most important post processes, has attracts many scientist to pay attention to it. Niamnuy et al.
presented a well-organized review on the microstructural modification and monitoring for foods drying in recent years [10],
while Wu Z H et al. mainly dealt with mineral industry and propose some potential for innovation of dewatering and drying
[11]. For vacuum drying technology, Lee [12], Swasdisevi et al. [13], Thomkapanich et al. [14] and Yue et al. [15] all developed
their suitable system and method on their drying system respectively. At the same time, for filter press drying technology,
Lee et al. carried out a study on the development of real-scale thermal filter press dewatering [16], while Kinnarinen T et al.
used steam for dewatering filter cakes [17]. In addition, Feng et al. observed the effect of composite flocculants of municipal
sludge [18], and Raynaud et al. also carried out the dewatering of activated sludge in a filtration compression cell [19,20].
However, due to the novel designed structure, there are no literatures to analyze the real performance of CPPIE, espe-
cially the drying and energy consumption performance. In this paper, the detail structure and the working procedure of
CPPIE are introduced, and every process with different positions are presented and explained in detail. Then, the Diaphragm
Press Drying Device (DPDD) in CPPIE is further described, since it is the key unit for drying process and it contributes a lot
for energy conservation in CPPIE. Meanwhile, the experimental setup of CPPIE is arranged for checking its performance.
Especially the performance of DPDD is analyzed experimentally with theory of Ruth model and Shirato model, to check
whether it can meet the requirements of industrial applications or not. Furthermore, the energy consumption performance
of CPPIE for the crystallization, filtration and drying processes are obtained from the experiments and the total energy
consumptions are carried out for the comparison of with DPDD and without DPDD. This work can be referenced for de-
signing similar integrated equipment or some other drying devices for energy conservation purpose.
Fig. 1. Working procedure of CPPIE for different processes.
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2.1. Main structure
In order to integrate crystallization, filtration, washing and drying processes into one tank, the multifunctional design is
needed in order to realize the specified process in the specified time by the same tank. In CPPIE, the rotating parts are
utilized to control the angle and position of CPPIE. As is shown in Fig. 1, different angles and positions of CPPIE stand for
different processes.
The main working procedure of CPPIE is described as follows. It is assumed that the initial position of CPPIE is as Fig. 1(a).
For this position, the holding liquid can be handled for crystallization. Then, CPPIE is rotated 180° by the low-speed motor,
and its position is shown in Fig. 1(b). At this state, holding liquid is filtered and some production will be seed out. FollowingFig. 2. Detail structure of CPPIE, 1 – bracket; 2 – spokes; 3 – jet hole; 4 – flange; 5 – import/export of compressed gases; 6 – low speed motor; 7 –
couplings; 8 – axis; 9 – bearing seats; 10 – supporting axis; 11 – dimple jacketed heat exchanger; 12 – top cover; 13 – alternate port; 14 – pressure gauge
interface; 15 – thermometer interface; 16 – import of washing water; 17 – axis seal device; 18 – motor bracket; 19 – motor coupling; 20 – reducer; 21 –
motor; 22 – mixing axis; 23 – import/export of hot/cold fluid; 24 – export of products; 25 – mixing paddle; 26 – cylinder; 27 – import of products; 28 –
pressure tight components; 29 – tapered cylinder; 30 – import/export of media; 31 – diaphragm; 32 – bolts; 33 – filter material; 34 – support plate; 35 –
support ring; 36 – bottom; 37 – vacuum port; 38 – export of filtered liquid.
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the position of CPPIE is turned to the position shown as Fig. 1(d). At last, the low-speed motor rotates CPPIE to an angle
about 20–30°, which is shown in Fig. 1(e), and then the final production can be obtained from the export.
In order to further describe all the working procedure, Fig. 2 shows the detail structure of CPPIE. It is mainly made up of
top cover (12), cylinder (26), tapered cylinder (29) and the bottom (36). On the top cover (12), a reducer (20) and a motor
(21) are fixed by axis seal device (17). Meanwhile, the import of washing water (16) and export of products (24) are also set
on the top cover (12). On the cylinder (26), there is an import of products (27) and DJHE (11). At the same time, there are also
two imports/exports of fluid (23) and two imports/exports of compressed gases (5). Tapered cylinder (29) is connected with
the bottom (36) by flange (4) and on tapered cylinder (29), diaphragm (31) is mounted by the tight components (28). On the
bottom (36), there are vacuum port (37) and export of filtered liquid (38). The mixing axis (22) is linked with reducer (20) by
the axis seal device (17), and they are inserted into the cylinder (26). There is a mixing paddle (25) fixed on the mixing axis
(22). In addition, axis (8) and supporting axis (10) are set on the jacket (11) and the bracket (1) by bearing seats (9). The
supporting axis (10) is connected with a low-speed motor (6), which is used to rotate the facility to reach corresponding
angle and position. The cone angle α of tapered cylinder is about 30–60°. The jet spokes (2) are installed on the bottom (36),
and there are small holes on the spokes, which are used for washing filter cake.
Meanwhile, inside the CPPIE, for the heat transfer unit, dimple jacketed heat exchanger (DJHE) is adopted to transfer heat
and control temperature. DJHE contains a lot of dimples compared with conventional jacketed heat exchanger [21,22]. These
dimples can force the fluid inside the jacketed heat exchanger changing its flow directions and produce a large amount of
vortices, which turning out a higher heat transfer coefficient. For the dry unit, diaphragm press drying device (DPDD) is used
by injecting air to force the diaphragm pressing the filter cake, liquid in filter cake can be squeezed out much easier, and the
following part will introduce the details of DPDD. Therefore, DPDD can accelerate drying process and save both energy and
time and the detail introduction of DPDD is carried out in the following part.
2.2. Diaphragm press drying device (DPDD)
DPDD is a novel device designed for CPPIE, and it is one of the key units of CPPIE. It is located on the outside of the
tapered cylinder, so it does not affect the reaction, crystallization, filtration or washing processes inside the main tank.
When there comes out the need for drying, DPDD can be used for quickly and high efficiently drying with low energy
consumption.
Usually, for drying process, the filter cake is heated with a lot of energy consumption. In CPPIE, by using the diaphragm to
press the filter cake by injecting the compressed air, which can quickly remove the water or other fluids without heating the
filter cake. Due to the use of compressed air, seal is very important. Thus, a novel pressure plate is developed. As is shown inFig. 3. Detail structure of diaphragm press drying device (DPDD).
Fig. 4. Flowchart of the experimental setup.
Y.-F. Zhu et al. / Case Studies in Thermal Engineering 7 (2016) 92–10296Fig. 3, the pressure plate (B) is mainly used to fix the diaphragm to the tapered cylinder. Because there is an inside ovality of
the tapered cylinder, the pressure plate (B) is divided into two parts. Compared with conventional pressure plate, the
pressure plate (B) in CPPIE has a subparagraph stagger structure, which is shown in Fig. 3 (A). It can absolutely ensure the
seal of DPDD with the help of the pressure plate.3. Experimental process
As is mentioned above, CPPIE can deal with crystallization, filtration, washing and drying together in the same tank. In
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is arranged which is shown in Fig. 4.
Here, the introduction is followed by the list of pumps (P1–P6). P1 is used to inject air into CPPIE during filtration and
drying processes. P2 is the main power source for pump the holding liquid into CPPIE. P3 is used for pump washing water
during the washing process. Meanwhile, P4 is the unique pump, which is used for recycling the liquid, and this liquid flows
in the DJHE for keep the specific temperature for the crystallization process. Then, P5 plays a role as the filter liquid recycling
during the filtration process, where parts of them can be recycled as the raw holding liquid. At the same time of the
filtration, P6 works as the vacuum supply to offer the required degree of vacuum. Besides, compressed air is offered by a gas
compressor which is not drawn out in the experimental setup figure. With the suitable compressed air, DPDD can press the
filter cake efficiently. And in the top side of CPPIE, the export is used as the unloading the holding liquid or the production,
which is unloaded mainly by gravity.
The whole procedure of CPPIE for experiment is as follows:
Crystallization process: rotate CPPIE to keep the specific position as Fig. 1(a), and the holding liquid is pumped into the
cylinder by P1. Meanwhile P4 works to recycle the liquid in DJHE until reaching the specific temperature. During this period,
a lot of production will be separated out from the holding liquid.
Filtration process: rotate CPPIE to keep the specific position as Fig. 1(b), and P5 starts working to pump the rest part of
holding liquid. Meanwhile, P6 offers the required degree of vacuum for filtration process until there is almost no outflow.
Washing process: rotate CPPIE to keep the specific position as Fig. 1(c), P3 starts working and injects washing water. Parts
of productions, especially on the surface, will dissolve again combine with many impurities. Here, the filter cake can be
washed and filtered again.
Drying process: rotate CPPIE to keep the specific position as Fig. 1(d), P5, P6 and the gas compressor work together. Then
the compressed air will press the diaphragm of DPDD to compress and expand the filter cake to remove liquid out of the
filter cake until reaching the suitable drying degree.
Unloading process: rotate CPPIE to keep the position as Fig. 1(e) and open the export to unload the final production.
Fig. 5 is the real picture of the different position for the different processes of CPPIE. Fig. 5(a) is the process of crystal-
lization and washing; Fig. 5(b) shows the processes of filtration and drying. Fig. 5(c) is the state of CPPIE for unloading
production.4. Results and discussion
As is mentioned above, CPPIE has several obvious advantages due to the novel structures and functional key units like
DJHE and DPDD. In this part, the advantage of the DPDD for drying filter cake during drying process and the energy con-
sumption performance of CPPIE during the whole processes are mainly analyzed.
4.1. Performance of DPDD
4.1.1. Theoretical analysis
Diaphragm press technology is proposed first in 1940s, and now it is widely used in many filters. Based on this tech-
nology, many kinds of DPDD with different shapes are developed, which mainly focus on removing water out of the filter
cake. With the help of DPDD, the filter can reduce water content about 5–20%. In order to research the filter rules, Ruth
proposed the classical equation for constant pressure filtration, which is shown as Eq. (1).Fig. 5. Picture of CPPIE during the experiment.
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However, designed based on the Ruth classical equation, these filters often cannot meet the production requirements.
Therefore, based on the Ruth model, Prof. Shirato developed another model for diaphragm press in 1970s, and he divided
the total filtration process into three parts: injecting holding liquid filtration, diaphragm press filtration and tightly com-
pressed filtration. Here, the model for the injecting holding liquid filtration is shown in Eq. 2, and the model for diaphragm
press filtration is shown in Eq. 3. With the help of this model, we can validate the design work of CPPIE.
θ θ θ= ( + − ) ( )V S K/ 2m m
ω
θ θ θ= ( + − )
( )
U
i K
3f
w
m m
0
In all, Shirato model is an developed model of Ruth model and with this help, experimental data in specific drying
process can be checked by this model to make sure whether the experimental devices can meet the production require-
ments or not.
4.1.2. Experimental analysis
In order to check the filtration characteristics of DPDD in CPPIE, superfine calcium carbonate is chosen as the manip-
ulating object. The temperature of superfine calcium material liquid is 305 K, the viscosity is 0.0013 Pa s, the density of the
filtrate is 999.7 kg/m3, and the density of superfine calcium is about 2650 kg/m3. The initial quality of the filter cake is
15,000 g. Inside it, the quality of superfine calcium is 10,430 g. Thus, the initial moisture content is 30.47%. Then, its filtration
process is measured. The cumulative filtrate volume, moisture content and the cumulative filtrate time is shown in Table 1.
As is shown in Fig. 6, the three parts are divided from 0 to 800 s, 800 to 950 s, 950 to 1500 s.
In order to check the performance of DPDD in CPPIE, data in Table 1 is compared with theoretical value achieved by Eqs.
(2) and (3). For the first step in Eq. (2), based on the regression analysis, the Ruth coefficient K is achieved as 1.92 cm2/s,
while the filtration area S here is 62.5 cm2 and the imaginary filter time for getting same mass filter cake θm is 4.0 s.
Therefore, the theoretical volume can be calculated and the result is 2282 ml. Compared to the experimental result, the error
is less than 0.78%. Similar to the first step, in the second step, based on the regression analysis, the modified Ruth coefficient
K is achieved as 2.01 cm2/s. Here, the number of rows for removing water i is 1 and the total volume of solid in filter cake per
filter area ω0 is 0.63 m3/m2 and the imaginary filter time for getting same mass filter cake θm is 720 s, then the Uf and the
theoretical filter volume during this period can be calculated. Compared with the experimental result, the error is about
8.4%, which means DPDD in CPPIE can meet the requirements of industrial applications.
4.2. Energy consumption performance
Energy consumption is closely related to the utilization of energy efficiency in each process. In CPPIE, the enhancement of
filtration process mainly lies in how to improve the dryness of the filter cake to save energy by DPDD. Meanwhile, for the
enhancement of crystallization process, it mainly reflects in how to improve the heat transfer efficiency by DJHE [21,22].
Here, we choose potassium chloride as the manipulating object, which is the main material for producing potassium
salts. Potassium chloride is mainly obtained from the potassium salt mine, and the potassium salt mine is made up of
potassium chloride, sodium chloride and some other impurities. The solubility of potassium chloride increases quickly with
the rising of temperature, while the solubility of sodium chloride declines slightly with the increase of temperature in the
presence of potassium chloride. Thus, the temperature difference can be used for the crystallization of potassium chloride.
With the following post processes of filtration, washing, washing and drying, pure potassium chloride can be achieved.Table 1
Cumulative filtrate volume and cumulative filtrate time.
Time (s) Volume (ml) Moisture content (%) Time (s) Volume (ml) Moisture content (%)
50 425 28.44 710 2150 18.84
75 570 27.72 800 2300 17.88
100 720 26.96 850 2375 17.39
142 860 26.24 925 2475 16.73
180 1000 25.50 950 2505 16.53
225 1150 24.70 970 2540 16.30
285 1300 23.87 985 2550 16.23
340 1450 23.03 1050 2580 16.03
400 1580 22.28 1280 2610 15.82
475 1750 21.29 1300 2614 15.80
540 1850 20.69 1400 2617 15.78
625 2010 19.71 1500 2618 15.77
Fig. 6. Three filtration parts of superfine calcium carbonate.
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lution to potassium chloride and improve the production efficiency.
The following analysis is divided into four parts. The first three parts calculate the energy consumption of crystallization,
filtration and drying. It is worth to mention that this paper takes no account of the washing process and unloading process
because these two processes occupy little in the total energy consumption. The last part is a comparison of the energy
consumption between using DPDD and without using DPDD.
4.2.1. Energy consumption of crystallization
Energy consumption of crystallization process is mainly made up of two parts: mixing paddle and recycling liquid in
DJHE by pump.
The outlet diameter of DJHE and the pipe diameter from the pump are 25 mm. Because the water tube is shorter, the flow
resistance is negligible. The height difference between DJHE and the pool surface is 2.5 m. Based on the Eqs. (4) and (5), we
carry out the energy consumption of recycling liquid in DJHE by pump.
= Δ + ( )W g Z v /2 4e 2
η= ( )W WMt/ 5pump e 1
Usually, for small pump in chemical industry, the pump efficiency is among 0.50–0.80. Here, the pump efficiency value is
set as 0.65 to choose the middle value. The power of the mixer paddle is 1.1 kW, and we set its energy consumption as Wmix.
shown is Table 2, whereW1 is the total energy consumption of crystallization.
4.2.2. Energy consumption of filtration
During filtration process, DPDD is used. In order to compare the energy consumption with and without DPDD, two
experimental conditions are developed with the basic of the first set data in Table 3. For filtration without DPDD, the main
energy consumption is caused by the vacuum system. Here, the pressure of the top is 0.1 MPa, and after filtration, the quality
of filter cake is 55.94 kg, thus the final moisture content of filter cake after filtration is 20.44%. Thus, the energy consumption
without DPDD can be calculated. For energy consumption with DPDD, taking the first data as an example, the mass of liquid
after diaphragm squeeze is 5.43 kg; the filtrate is potassium chloride solution with the concentration of 0.287, the quality ofTable 2
Energy consumption of crystallization.
No. Mass
flow (kg/
h)
Time (s) M (kg) Wpump (kJ) Wmix (kJ) W1 (kJ)
1 608.11 4860 820.95 310.18 5346 5377
2 865.38 4500 1081.73 409.72 4950 4991
3 1028.57 4260 1217.14 461.94 4686 4732
4 1113.00 4140 1279.95 486.35 4554 4603
Table 3
Energy consumption of with and without DPDD.
No. Experimental conditions mass (kg) Moisture of filter cake (%) Filter cake volume (m3) Volume of gas (m3) W2 (kJ)
1 Without DPDD 55.94 20.44 0.03176 0.4542 45.4
With DPDD 50.51 14.98 0.02774 0.4583 111.8
2 Without DPDD 56.99 21.38 0.03255 0.4535 45.3
With DPDD 50.71 15.20 0.02789 0.4581 111.8
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sumption of filtration (W2) can be obtained, and the result is shown in Table 3.
4.2.3. Energy consumption of drying
The energy consumption of drying is mainly made up of two parts: energy consumption of water evaporating, and
energy consumption of the mixing paddle. As is required, the final moisture content of the product shall be less than 0.15%.
In order to simplify the calculation, we assume that all the water is evaporated. For water evaporating, the calculation
equations are as follows:
= Δ + Δ ( )Q m C t m C t 6P water P1 KCl 1 2
= Δ ( )Q m Q 72 eva
η η= + ( )Q Q Q/ / 81 2 2 2
Here, the efficiency value is set as the middle valve 0.7, because the engineering experience efficiency value is range from
0.6 to 0.8. For energy consumption of the mixing paddle, its working time is 70 min. based on above, we can carry out the
total energy consumption of drying W2, which is shown in Table 4.
4.2.4. Energy consumption comparison
In this part, the complete processes include crystallization, filtration and drying are carried out with and without DPDD
respectively. And the energy consumption of every process is calculated. Table 4 lists the total energy consumption.
Meanwhile, in order to present the energy consumption more directly, Fig. 7 shows the average energy consumption of the
three processes and the total energy consumption. Due to the orders difference of magnitude become filtration energy
consumption with others, filtration energy consumption is refer to the right Y-axis while others are refer to the left Y-axis.
As we can see, during the filtration process, although the energy consumption during this period is larger with DPDD than
without DPDD, the water content of filter cake is effectively removed with the help of DPDD. Therefore, the energy con-
sumption of drying process can be greatly saved from 46,528 kJ to 31,606 kJ.
In addition, the energy consumption per unit product of CPPIE with DPDD can save energy about 24.79% and 27.75%
compared with the CPPIE without DPDD. Besides, here we consider the drying time without DPDD is the same as the time
with DPDD. Actually, the drying time without DPDD should be much longer. Thus the calculation of the energy conservation
for CPPIE with DPDD is conservative (Table 5).5. Conclusions
The typical post processes of crystallization, filtration, washing and drying can be well arranged in CPPIE without the
intermediate products transfer by the develop structure of CPPIE. The working procedure of CPPIE is suitable to deal with
this kind of chemical post-processing by changing the positions of the tank. Meanwhile, DPDD for drying process in CPPIE
can meet the requirements of industrial applications, and it is analyzed experimentally with theory with Ruth model and
Shirato model. Furthermore, compared to CPPIE without DPDD, CPPIE with DPDD has the energy conservation about 25%. In
other words, DPDD makes an obvious contribution to the energy conservation of CPPIE. In conclusion, this work presents theTable 4
Energy consumption of drying.
No. Experimental conditions meva (kg) mKCl (kg) Moisture of filter cak (%) Wmix (kJ) Q (kJ) W3 (kJ)
1 Without DPDD 9.12 46.82 4.94 4620 40,856.3 45,476.3
With DPDD 5.34 45.17 4.94 4620 27,036.3 31,656.3
2 Without DPDD 9.67 47.33 5.32 4620 42,960.3 47,580.3
With DPDD 5.29 45.49 5.32 4620 26,935.3 31,555.3
Fig. 7. Energy consumption comparison with/without DPDD.
Table 5
Energy consumption of per unit product.
No. Experimental conditions mass (kg) W1 (kJ) W2 (kJ) W3 (kJ) Wtotal (kJ) Wper (kJ/kg)
1 Without DPDD 46.82 4602.6 45.4 45,476.3 50,124.3 1070.6
With DPDD 45.17 4602.6 111.8 31,656.3 36,370.7 805.2
2 Without DPDD 47.33 4602.6 45.3 47,580.3 52,228.2 1103.5
With DPDD 45.49 4602.6 111.8 31,555.3 36,269.7 797.3
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